Abstract: The influence of the probe beam size and shape on the photothermal reflectance signal is discussed. An analytical formula for the case of Gaussian power distribution is derived. The potentials of the photothermal microscope for local investigation of thermal parameters of solids and solid structures are outlined using computer simulation.
Introduction
The photothermal reflectance microscopy (PTRM) is a highly sensitive noncontact method for local investigation of opaque solids. A laser detects the small oscillations of the sample surface reflectance due to temperature and free carrier's concentration variations caused by absorbed modulated light. There are two typical applications of the PTRM -investigations of semiconductors and examinations of inhomogeneities in solids.
There exists a feasible use of the PTRM that is not exploited sufficiently although even in the first contribution on PTR such an example is given [l] -determination of thermal parameters in regions with micron dimensions. The potentialities of the PTRM for local testing of thermal parameters far exceed those of other local methods like OBD. Usually in the PTR experiments up to now the signal was thought to be proportional to the temperature of the point where the probe beam was centred i.e. the probe beam size was neglected. However in the typical PTR experiment the probe beam size is comparable to the heating beam one and to the thermal diffusion length and thus it cannot be neglected. The effect of the finite probe beam for Gaussian heating and probe beams, and homogeneous samples is treated in [2] . This paper deals with the influence of the size and the shape of the probe beam on the PTR signal . The potentials of the PT microscope for local investigation of thermal parameters of solids and solid structures are outlined using computer simulation
Effect of the final beam size on the PTR signal
It is well known that the surface temperature, when the sample is heated by a modulated laser beam is given by [3]:
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Here Jo is the Bessel hnction of order zero, r is the distance to the laser beam centre, h(h) is the Hankel transform of the intensity source distribution and t(h) is a transfer hnction that depends on the sample 
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This is a general solution for the case of a Gaussian probe beam. If one assumes also Gaussian distribution of the pump beam with a Gaussian radius R, (4) can be written as follows:
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Here Re& = R : + q 2 .
The study of the influence of the probe beam shape on the' PTR signal becomes important with the use of laser diodes for detection. In this case the spot has rather elliptic than circular form. We assume that in this case the probe beam has a Gaussian distribution with different radii R,, and R& along the two axis. In this case Gauss-Hermit quadratures can be used:
The abcissas X and the weights W are tabulated in the literature [4]. In Fig. 1 the PTR signal with an elliptic probe beam spot wirh R1=l. l pm and R2 =0.9 pm is presented as a function of the beam centre distance. The sample is gold, the pump beam has a Gaussian radius %=1pm and the modulation frequency is 1 MHz. In Fig.2 experimental results for gold at 8 MHz are given for two perpendicular scans when a laser diode with elliptic spot is used. Details on the experimental set-up are reported elsewhere [5].
Numerical PTR simulations
In this paragraph examples will be given for thermal parameter's determination from simulated PTR signal. For that purpose the transfer function has to be known. As it was stated [6] by replacing the thermal wave number q2 =2i/p. by q2(h)= h2+2i/p in the expression for the surface temperature in the l-D case; p = (alRf,lR is the thermal diffusion length and a= WpC is the thermal di&sivity, k is the thermal conductivity, C is the specific heat, p is the density and f is the frequency of modulation, i is the imaginary unit.
Homogeneous sample
It is not easy to determine the spot sizes of the beams when they are focused to about 1p.m. Moreover small displacements of the surface may cause significant changes of these sizes when objectives with large apertures are used. That is way it is useful to consider the effective radius as an unknown parameter that has to be determined from the best fit of the experimental data. The transfer function of a homogeneous opaque sample is:
and the fitted parameters are and p. We simulated PTRM data by evaluating ( 5 ) and adding normally distributed noise (3% from the amplitude and 0.30 phase noise). In all cases the obtained results are practically the same as the initial values.
